Introduction {#sec1-1}
============

Hypoxic ischemic encephalopathy (HIE) is one of the most serious birth complications affecting full term infants \[[@ref1]\]. It occurs in 1.5 to 2.5 per 1000 live births in developed countries. HIE is a brain injury that prevents adequate blood flow to the infant's brain occurring as a result of a hypoxic-ischemic event during the prenatal, intrapartum or postnatal period \[[@ref2]\], \[[@ref3]\]. By the age of 2 years, up to 60% of infants with HIE will die or have severe disabilities including mental retardation, epilepsy, and cerebral palsy (CP) \[[@ref2]\], \[[@ref4]\], \[[@ref5]\], \[[@ref6]\], \[[@ref7]\]. The early prediction of hypoxic ischemic encephalopathy is particularly important because of the brief thera-peutic window and possible side effects of neuro protective interventions \[[@ref8]\].

Several biomarkers were done for proper assessment of the severity of brain damage. An ideal biomarker for the diagnosis of HIE should be specific, early, rapid, and easily done. The results of these biomarkers should be interpreted in conjunction with the clinical history and physical examination \[[@ref9]\], \[[@ref10]\].

Lactate is invariably produced in the event of hypoxia and poor tissue perfusion. When a clinical reduction of oxygen and substrate delivery occurs, aerobic metabolism through Krebs cycle cannot be sustained and tissues need anaerobic metabolism to meet the energy requirement. This in turn leads to increase in the production and accumulation of blood lactate \[[@ref11]\]. Lactate is produced by anerobic oxidation during an asphyxia insult and continues to be excreted via the kidney for a long period after the insult so that measurement of urinary lactate may reflect the blood lactate level and the degree of metabolic derangement as a result of hypoxia/ischemia \[[@ref12]\].

The aim of the study was to investigate the role of umbilical cord blood lactate as early predictors of HIE in Newborns with Perinatal Asphyxia and to evaluate their sensitivity and specificity for the early identification of HIE infants.

Patients and Methods {#sec1-2}
====================

Patients {#sec2-1}
--------

A prospective study including 41 infants with a proven diagnosis of asphyxia who were admitted to neonatal intensive care unit (NICU) in Hue Central Hospital, Vietnam, from April 2014 to April 2015. Apgar score at 1 minute after birth was used to identify perinatal asphyxia in the new born. Those babies with apgar score of ≤ 7 were considered to have had perinatal asphyxial insult.

The asphyxia newborns were categorized into two groups according to the presence of HIE. Suspect neonatal HIE in the baby who is asphyxia at birth and who, in the earliest hours of life, presents with disturbed neurological function including \[[@ref13]\]:

\- A subnormal level of consciousness or seizures.

\- And frequently:

\+ Difficulty initiating and maintaining respiration.

\+ Depression of tone and reflexes.

Exclusion Criteria: 1) Newborn delivered with major congenital anomalies or chromosomal abnormality and 2) Multiple pregnancies.

Measurements {#sec2-2}
------------

Umbilical cord blood is sampled by nursing personnel immediately after delivery for all infants deemed to be viable. Umbilical blood samples were drawn from a double-clamped segment of the umbilical cord into 2 ml plastic syringes flushed with a heparin solution. Blood lactate were measured using whole blood in automated benchtop analyzers. The DXC-800 Automated Chemistry Analyser (Beckman Coulter) was used for lactate assays. Obtained data was recorded in a newborn's notes.

Data analysis {#sec2-3}
-------------

We first selected a range of cutoff points for the umbilical cord lactate biomarker to distinguish HIE from asphyxic newborn without HIE. We reported the sensitivity, specificity and negative predictive value (NPV) for HIE of each lactate cutoff point. Next, we generated a receiver-operator curve (ROC) to visually represent the trade-off between sensitivity and specificity. We utilized ROC curve analysis to select the optimal lactate cutoff point to minimize both the number of false positives. A Mann--Whitney U-test was performed to compare lactate levels between children with HIE and without HIE. We used SPSS version 19.0 for all statistical analyses.

Results {#sec1-3}
=======

41 asphyxia newborns with singleton, liveborn infants with no major anomalies delivering between April 2015 to April 2016 were analysed. Gestational age ranged from 35 to 41 weeks (mean 37.41 ± 0.31 weeks). Umbilical cord blood lactate levels were significantly higher among infants born with HIE (mean 8.72 ± 1.75, range 5.12 -- 11.96) compared to that with asphyxic infants without HIE (mean 6.86 ± 1.33, range 4.74 -- 10.30), p = 0.001 ([Table 1](#T1){ref-type="table"}).

###### 

Umbilical cord blood lactate level in asphyxic newborns with and without HIE

                           Non-HIE (n = 22)   HIE (n = 19)
  ------------------------ ------------------ --------------
  Mean lactate, mmol/l     6.86               8.72
  (SD)                     (± 1.33)           (± 1.75)
  Median lactate, mmol/l   6.60               8.88
  (interquartile range)    (5.99-7.70)        (8.05-9.84)

Each step-wise increase in the umbilical cord blood lactate level cutoff point lowered the sensitivity, but increased the specificity for HIE ([Table 2](#T2){ref-type="table"}). Next we present a ROC curve for umbilical cord blood lactate level for HIE ([Figure 1](#F1){ref-type="fig"}).

###### 

The diagnosis accuracy of Umbilical Cord Blood Lactate for HIE by cutoff point

  Criterion   Sensitivity   95% CI       Specificity   95% CI       +LR    -LR
  ----------- ------------- ------------ ------------- ------------ ------ ------
  ≥ 4.74      100.00        82.4-100.0   0.00          0.0-15.4     1.00   
  \> 4.74     100.00        82.4-100.0   4.55          0.1-22.8     1.05   0.00
  \> 5.31     89.47         66.9-98.7    4.55          0.1-22.8     0.94   2.32
  \> 6.48     89.47         66.9-98.7    50.00         28.2-71.8    1.79   0.21
  \> 6.67     84.21         60.4-96.6    50.00         28.2-71.8    1.68   0.32
  \> 7.12     84.21         60.4-96.6    72.73         49.8-89.3    3.09   0.22
  \> 7.36     78.95         54.4-93.9    72.73         49.8-89.3    2.89   0.29
  \> 7.89     78.95         54.4-93.9    81.82         59.7-94.8    4.34   0.26
  \> 8.02     73.68         48.8-90.9    81.82         59.7-94.8    4.05   0.32
  \> 8.12     73.68         48.8-90.9    86.36         65.1-97.1    5.40   0.30
  \> 8.28     63.16         38.4-83.7    86.36         65.1-97.1    4.63   0.43
  \> 8.29     63.16         38.4-83.7    90.91         70.8-98.9    6.95   0.41
  \> 9.18     31.58         12.6-56.6    90.91         70.8-98.9    3.47   0.75
  \> 9.27     31.58         12.6-56.6    95.45         77.2-99.9    6.95   0.72
  \> 9.88     15.79         3.4-39.6     95.45         77.2-99.9    3.47   0.88
  \> 10.3     15.79         3.4-39.6     100.00        84.6-100.0          0.84
  \> 11.96    0.00          0.0-17.6     100.00        84.6-100.0          1.00

![Receiver-operating curve for lactate to distinguish HIE from asphyxic newborn without HIE. Overall accuracy was good, with area under ROC curve of 0.799 (95% CI: 0.645-0.908), p = 0.0001](OAMJMS-7-3564-g001){#F1}

Using ROC analysis, we selected an optimal cutoff point for umbilical cord blood lactate level of 8.12 mmol/l to susspected of HIE (area under the curve 0.799). Umbilical cord blood lactate level ≥ 8.12 mmol/l had a sensitivity 73.7% (95% CI: 48.8-90.9), specificity 86.4% (95% CI: 65.1-97.1), +ve LR (likelihood ratio) 5.4, -ve LR 0.3 for HIE ([Table 2](#T2){ref-type="table"}).

Discussion {#sec1-4}
==========

Perinatal hypoxic-ischemic encephalopathy (HIE) occurs in one to three per 1000 live full-term births \[[@ref14]\]. Of affected newborns, 15% -- 20% of affected newborns will die in the postnatal period, and an additional 25% will develop severe and permanent neuropsychological sequelae, including mental retardation, visual motor or visual perceptive dysfunction, increased hyperactivity, cerebral palsy, and epilepsy \[[@ref15]\]. The outcomes of HIE are devastating and permanent, making it a major burden for the patient, the family, and society.

The early prediction of hypoxic ischemic encephalopathy is particularly important because of the brief therapeutic window and possible side effects of neuro protective interventions \[[@ref16]\], \[[@ref17]\]. In spite of major advances with sophisticated monitoring technology and knowledge of fetal and neonatal pathology, perinatal asphyxia or more appropriately, HIE remains a serious condition, that leaves a significant handicaps in the survivors \[[@ref18]\].

In our study the mean of serum lactate level in HIE group was 8.21 mmol/L while in the non-HIE group the level of lactate was 6.86 mmol/dl which was statistically significant as p value = 0.001. This in agreement with some studies who found that serum lactate was higher in hypoxic group than healthy group. Mohamed Shawky Elfarargy et al., study nucleated red blood cells per 100 white blood cell (NRBC/100 WBC) counts and lactate levels in cord blood as early markers of neonatal HIE, the median of serum lactate level in hypoxic group was 7 mmol/L while in the control group the level of lactate was 1.9 mmol/dl which was statistically significant as p value \< 0.0001, and the more grade of HIE the higher serum lactate \[[@ref19]\]. Shah et al., \[[@ref12]\] carried out a study on 61 term neonates to estimate lactate level as a predictor for short term outcome after intrapartum asphyxia. They found that the median of lactate level 11.09 mmol/dl in asphyxi-ated group met all the criteria of hypoxic ischemic encephalopathy, the study also found that plasma lactate levels lower than 5 mmol/dl were not asso-ciated with severe encephalopathy while plasma lactate levels \> 15 mmol/L were associated with moderate to severe HIE in 100% of cases. As in hypoxic patients, a critical reduction in oxygen substrate delivery occurs, aerobic metabolism through Kreb's cycle cannot be sustained, and tissues need anaerobic metabolism to meet their energy requirements. This in turn leads to an in-crease in the production and accumulation of blood lactate \[[@ref20]\]. In other study done by Zhang Haiju et al., \[[@ref8]\], carried out on 46 asphyxiated new newborns, the level of serum lactate in umbilical cord blood in the first six hours after delivery was 4.3 ± 1.2 SD while in control group, the median of serum lactate was 2.46 ± 0.48 mmol/dl. Many factors may exist that could influence the results, such as the different inclusion criteria, different races and lifestyle.

In our study umbilical cord blood lactate level to diagnose HIE was \> 8.12 mmol/L which yield a sensitivity of 73.7%, specificity 86.4%. Overall accuracy was good, with area under ROC curve of 0.799 (95% CI: 0.645-0.908), p = 0.0001. This is in agreement with some studies which concluded that Umbilical lactate can be used in a middle-low resource setting as a measurement of intrapartum hypoxia, with reasonable sensitivity and specificity. Mohamed Shawky Elfarargy et al reported that serum lactate level to diagnose HIE was \> 3.6 mmol/L which yield a sensitivity of 87%, specificity 100%, PPV 100% and NPV 88% with a diagnostic accuracy of 93%. Allanson ER et al., from 3 March-12 November 2014, conducted a prospective cohort study of UA lactate levels at Kalafong Hospital, Pretoria, South Africa. A lactate was recorded for 946 deliveries (20.3%). One hundred ninety babies required neonatal resuscitation, with an optimal cutoff for lactate of 5.45 mmol/L (sensitivity 68%, specificity 72%). 124 babies required nursery admission with the optimal cutoff for lactate 4.95 mmol/L (sensitivity 61%, specificity 59%) \[[@ref21]\]. According to Simovic A, significantly higher concentrations of lactate (p 8.7 mmol/L with 80 % sensitivity and 82% specificity indicated the development of the hypoxic-ischemic encephalopathy stage II/III, while the lactate level \> 9.95 mmol/L was a predictor of death, with 75% sensitivity and 74.4% specificity \[[@ref22]\]. Vannucci et al., \[[@ref23]\], who showed that, the best cut off of lactate in predicting HIE was 4.25 mmol/L with sensitivity of 94% and specificity of 86%. In previous studies, it was shown that lactate concentration in the term newborns which is in first 24 hours \> 7.5 mmol/l with 94 % sensitivity and 67% specifi city may indicate the development of the HIE and that an early increase in lactate in severe asphyxia \> 15 mmol/l was a sure indication of serious consequences or death with 100 % sensitivity of and 88 % specificity \[[@ref12]\], \[[@ref20]\], \[[@ref24]\].

In conclusion, umbilical cord blood lactate could be used as early predictors in diagnosis of hypoxic ischemic encephalopathy being very easy, cheap and non-invasive measure. Combined Apgar score and umbilical cord blood lactate in diagnosis of HIE gives us better sensitivity and specificity than lactate alone, also it could be used in prognosis of the newborns with hypoxic ischemic encephalopathy and for detecting the outcome.
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